Supplementary Material and Methods

Linkage analysis with CRIMAP
In order to build a genetic map in CRIMAP, two loci must be chosen as ordered loci in the first run. In the end, the resulting map length can vary depending on which two loci are chosen. It is recommended according to CRIMAP tutorial (https://www.animalgenome.org/bioinfo/resources/manuals/Embnetut/Crimap/manuatoc.html ) to build the map choosing multiple pairs of loci from TWOPOINT analysis that have a large inter-locus distance (rec.fracs) and large confidence (LODs). Choosing loci that are far apart for the initial map has the advantage that the BUILD run may reach more distant loci on either side of the map. However, this may be associated with more errors in the relative positions of loci. For this reason, BUILD runs are best followed by FLIPSN runs, which iteratively evaluate different orders. Maps from these trials can be used as ordered loci for subsequent BUILD runs where all remaining loci are to be inserted.
In order to build the ostrich Z chromosome map, 10 pairs of loci were chosen based on TWOPOINT analysis. For each run, sex-specific maps were generated. BUILD was run in a series of steps as follows:
1. Run BUILD with LOD = 6. Use two loci from TWOPOINT analysis as ordered loci. Run FLIPS4 to iteratively evaluate different orders, rearranging four adjacent markers at a time, until no better order could be found. This is the frame work map.
2. Run BUILD with LOD = 5. Use the ordered loci obtained from the previous step as ordered loci. Run FLIPS4.
3. Run BUILD with LOD = 4. Use the ordered loci obtained from the previous step as ordered loci. Run FLIPS4.
4. Run BUILD with LOD = 3. Use the ordered loci obtained from the previous step as ordered loci. Run FLIPS4. This is the best order map.
Inversion analysis using GRIMM and baobabLUNA
Gene order and orientation are commonly modelled with a signed permutation as in the GRIMM algorithm (Tesler 2002) . Three main goals in an inversion analysis are identifying the number of inversion events from an ancestral to a descendent sequence, the breakpoints of inversions and the order of inversion events. The number of inversion events is calculated based on parsimony principles, which means that the scenario associated with the least number of events is considered as the optimal scenario. Inferring the position of breakpoints is a more challenging task as multiple optimal inversion scenarios with different sets of breakpoints can exist. However, GRIMM reports only one scenario. In contrast, the program baobabLUNA (Braga 2009 ) uses an algorithm that give a summary of all possible parsimonious inversion scenarios.
For the GRIMM analysis, we used the ancestral lineage as the source genome and the descendent lineage as the destination genome (Table 1) . In order to extend the GRIMM analysis, we used every pair of inferred ancestral and descendent sequences as input to baobabLUNA. All permutations were polarized according to the lizard state. The module analyzeTrace of baobabLUNA sorts every permutation to the sorted sequence of ancestral block numbers. In order to use analyzeTrace, we first reordered every descendent lineage based on the most recent ancestral state by recoding one permutation based on another, as described with a permutation example in Figure 1 . 1. For every index in permutation 1, check its absolute value. For example, the absolute value of index 1 is 2.
2. Find the index of that absolute value in permutation 2. The index of 2 is 3.
3. If the values of the indices have opposite signs, insert the minus sign in the second permutation. Otherwise, keep the signs the same.
4. Output the signed indices of permutation 1 and permutation 2 for that value. For example, for value 2, the indices 1 and 3 become 1 and -3 ( Figure 1C ). Permutation 2 -3 -2 1
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After recoding every ancestral-descendent pair (Table 2) , we used baobabLUNA to obtain all possible solutions of the inversion scenario (Table 3) . We denote them with the set notation, each set containing the inverted block(s). The scripts for this analysis can be found in https://github.com/Homap/inversions_breakpoints_simulation. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Palaeognathae-Neognathae ancestor 1, 4, 5, 6, 7, 8, 9, 10, 11, 17, 18, 4, 5, 6, 7, 8, 9, 10, 11, 17, 18, Galloanserae-Neoaves ancestor 1,-2,-3, 4,5,6,12,13,14,-17,-11,-10,-9,-18,7,8,-15,-16 Galloanserae-Neoaves ancestor 1,-2,-3, 4,5,6,12,13,14,-17,-11,-10,-9,-18,7,8,-15,-16 Galliformes ancestor 1,-2,-3,4,5,6,12,13,14,-17,-11,-10,-9,18,-8,-7,-15,-16 Galloanserae-Neoaves ancestor 1,-2,-3,4,5,6,12,13,14,-17,-11,-10,-9,-18,7,8,-15,-16 Passeriformes ancestor 1,-2,-3,4,5,6,12,13,14,-17,-10,-9,-18,16,15,-11,-8, -7 Palaeognathae-Neognathae ancestor 1, 4, 5, 6, 7, 8, 9, 10, 11, 17, 18, 4, 5, 6, 7, 8, 9, 10, 11, 17, 15, 12, 16, 4, 5, 6, 12, 13, 14, 18, 6, 12, 13, 14, 18, 4, 5, 6, 12, 13, 14, 16, 15, 4, 5, 6, 12, 13, 14, 16, 15, 8, Passeriformes ancestor 1,-2,-3,4,5,6,12,13,14,-17,-10,-9,-18,16,15,-11,-8,-7 Great tit 1, 4, 5, 6, 12, 13, 14, 16, 15, 8, 11, 4, 5, 6, 12, 13, 14, 16, 15, 18, 9, 8, 11, 4, 10, 5, 17, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Palaeognathae-Neognathae ancestor 1, 4, 5, 6, 7, 8, 9, 10, 11, 17, 18, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Galloanserae-Neoaves ancestor 1, 2, 3, 4, 5, 6, 7, 8, 17, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Galliformes ancestor 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 17, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Passeriformes ancestor 1,2,3,4,5,6,7,8,9,10,12,13,14,-18,-17,11,-16,-15 Palaeognathae-Neognathae ancestor 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Ostrich 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 Galliformes ancestor 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Quail 1, 2, 3, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Passeriformes ancestor 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Flycatcher 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 18 Passeriformes ancestor 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Great tit 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,-17,-16,18 Passeriformes ancestor 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 Zebra finch -1, -13,-12,-17,-16,-15,-14,2,3,4,-11,5,-10,-9,-8,-7,-6,18 {1}{2.3.4.5.6.7.8.9.10.11.14.15.16.17}{5.6.7.8.9.10}{5.6.7.8.9.10.11}{6.7.8.9.10}{2.3.4.5. 6.7.8.9.10.11.12.13} : GRIMM solution {1.12.13.14.15.16.17}{1.2.3.4.5.11.12.13}{1.2.3.4.11.12.13}{1.2.3.4.12.13}{1.2.3.4.5.14.1 5.16.17}{6.7.8.9.10.11.12.13.14.15.16.17} {1.12.13.14.15.16.17}{5.6.7.8.9.10}{6.7.8.9.10}{1.2.3.4.12.13}{1.2.3.4.14.15.16.17}{5.6. 7.8.9.10.11.12.13.14.15.16.17} {1.12.13.14.15.16.17}{1.2.3.4.5.11.12.13}{1.2.3.4.5.11.14.15.16.17}{6.7.8.9.10.12.13.14. 15.16.17}{5.6.7.8.9.10}{5.6.7.8.9.10.11} {1.12.13.14.15.16.17}{6.7.8.9.10}{1.2.3.4.11.12.13}{1.2.3.4.11.14.15.16.17}{5.6.7.8.9.10. 12.13.14.15.16.17}{5.6.7.8.9 .10.11}
* Each set indicates the block or a series of adjacent blocks that is inverted every step.
Supplementary Tables   Table S1 . Male pools used for SNP identification from (Adolfsson and Ellegren 2013) .
* Male gonad samples were not used in Adolfsson and Ellegren 2013, hence, the data are not deposited in NCBI. The raw reads of male gonads are available upon request. Table S3 . Individual filtering steps for genetic mapping. Figure S8 . 
